High rates o f incorporation o f dihydro-m-coumaric acid into a 9 ,10-dihydrophenanthrene (hircinol) showed that a pathway being known to occur in orchids is also effective in Dioscoreaceae. The biosynthesis o f hircinol could be stim ulated by infecting the aerial bulbils with various fungi. In parallel to the dihydro-w -coum aric acid pathway another biosynthetic reaction sequence leading to phenanthrenes was found to occur. The pathway was established in its principal steps: /7-coumaric acid -trihydroxystilbene (resveratrol) -phenanthrene (batatasin I or iso-batatasin I).
Introduction
Batatasins have been d etected as the dorm ancyinducing principle in bulbils o f the yam , Dioscorea batatas [1, 2] . T he chem ical structures o f four o f these substances have been established. Several batatasins are dihydrostilbenes, b atata sin I is a phenanthrene.
Batatasin I seems to be a constituent o f tubers o f m any species w ithin the genus Dioscorea [3, 4] ; it was also isolated from Tamus communis [5] , a n o th er D ioscoreaceae. Batatasins m ay not only be seen as factors affect ing the dorm ancy o f plan t tissues b u t also as p re form ed barriers [6 ] against fungal attack. T his is proposed on the basis o f th e effects observed w ith other stilbenoids [7, 8 ] . C oxon et al. [9] isolated hircinol (2,5-dihydroxy-4-m ethoxy-9,10-dihydrophenanthrene) and 7-hydroxy-2,4,6-trim ethoxyphenanthrene from the peel o f Dioscorea rotundata.
They characterized these p h en an th ren es by m any chemical param eters and show ed th a t the p h e n a n threnes have anti-fungal activity tow ards Cladosporium cladoporioides and a variety o f yam soft rot pathogens. Present studies indicate th a t hircinol biosynthesis can be induced sim ilar to the one o f phytoalexins. Because o f both the in duction o f its synthesis and its well known fungostatic p ro p erties [ 1 0 ], hircinol is considered as phytoalexin, now also in D io sc o re a ceae.
Materials and Methods

TLC
Phenol fractions w ere sep arated by rep e ate d T L C on silica gel. Established solvent system s w ere used. Solvent system I, chloroform -eth y lacetateformic acid (5 :4 :1 ) [11] ; solvent system II, ch lo ro form -acetic acid (20:1) [4, 12] ; solvent system III, chloroform -m ethanol (9 4 :4 ) [9] .
PC
G ood separation o f bibenzyls from stilbenes w ith identical substitution p attern was ach iev ed using acetic acid -w ater ( 1 : 2 ) [ 1 1 ]. Labelled hydroxybibenzyls and hydroxystilbenes w ere synthesized enzym atically by using purified stilbene synthase [13] or bibenzyl synthase [11] and [2-,4 C ]m alonyl-C oA as substrate.
Chemicals
Resveratrol (3,4',5-trihydroxystilbene) was iso lated from rhizom e o f Veratrum album [14] . C a ta lytic reduction w ith H 2 and P d /C afforded dihyd roresveratrol. 3,3',5-T rihydroxystilbene and 3,3',5-trihydroxybibenzyl were synthesized by condensatio n of 3.5-dim ethoxybenzaldehyde w ith ethyl 3-m ethoxyphenylacetate [11] . H ircinol was isolated from orchid bulbs according to [15] . B atatasin I and batatasin III were prep ared from tubes o f Dioscorea opposita [4] , P erm ethylation was carried ou t w ith dim ethyl sulfate in alkaline solution. C innam oylCoA esters were prep ared from the respective succinim idyl derivatives. In cases w hen only the content o f hircinol was determ ined, slices w ere extracted im m ed iately after the first incubation period. T he ethyl acetate extract was separated into crude fractions by T L C in system I. An aliquot o f the hircinol containing zone was further purified by TL C (solvent III) and eluted with m ethanol. Its am o u n t was determ in ed by UV: /-max 292 nm, log e = 4.45. 
Induction methods and feeding techniques
Preparation and assay o f cell-free extracts
Batatasin III is synthesized via dihydro-m-coumaric acid
Batatasin III is a bibenzyl and m ay thus eith er be In another experim ent, th e efficiency was co m pared with which rad io activ e /?-coum aric acid or w-coum aric acid, respectively, w ere in co rp o rated into stilbenes and bibenzyls. M arkedly d ifferen t radioactivity profiles w ere observed w hen th e phenol fraction after these tw o ad m in istra tio n ex perim ents were analyzed for stilbenoids. T he ra d io activity o f /7-coum aric acid was in co rp o rated into resveratrol only, w hile b atatasin III and 3 ,3 ',5 -trih y droxybibenzyl were the exclusive p roducts from w-coum aric acid. To provide fu rth er evidences for the route phenylalanine -m -coum aric acid -d ihydro-wcoum aric acid -bibenzyl we com bined the studies in vivo w ith experim ents w ith cell-free p reparations.
Various CoA-esters o f ph en y lp ro p an o ic acids w ere tested, together w ith m alonyl-C oA as second su b strate, to find out w hether stilbene synthase activ ities or bibenzyl synthase activities w ere detectable in D ioscoreaceae. As outlined in T able I, dihydro-wcoum aroyl-CoA was the best substrate, it afforded 3,3',5-trihydroxybibenzyl as product.
The 
Two different pathways leading to phenanthrenes and 9,10-dihydrophenanthrenes
A series o f fungi was assayed for th e ir cap ab ility o f inducing the form ation o f stilbenoids. A m ong the fungi causing good in duction o f d ih y d ro p h en anthrene synthesis was Phytophthora cambivora.
Analyses o f phenol extracts from aerial bulbils treated with fungal mycel d em o n strated th a t this treatm ent led to a significantly enhanced stationary concentration o f hircinol. T he induction was rath e r selective with respect to hircinol. In cases w hen the am ount o f hircinol was increased by a factor o f 1 0 , the content o f o th er phenolic p roducts was only changed by a factor betw een 1 to 2. D ifferences were observed in the extent to w hich various fungi induce the form ation o f hircinol (T able II).
As the biosynthesis o f p h enanthrenes, e.g. b a ta tasin I, does not ap p e ar to have been investigated previously we com pared several aro m atic co m pounds as to th eir function as precursors. A fter p relim inary dem o n stratio n th at both acetate and 
Discussion
The data presented can be sum m arized in stating that (a) the "dihydro-m -coum aric acid p ath w a y " previously detected in orchids [ 1 1 ] is also effective in another family, i.e. Dioscoreaceae, and (b) in Dioscorea a pathw ay /7-coum aric acid -stilbenephenanthrene (batatasin I) occurs in parallel to a route m -coum aric acid -d ih ydro-m -coum aric acid -bibenzyl -9,10-dihydrophenanthrene (Fig. 1) . The pathw ay to 9 ,1 0 -d ih y d ro p h en an th ren es o f th e orchid type is dem o n strated to tak e place also in D ioscoreaceae, b ut the gene expression obviously needs to be induced by an exogenous stim ulus. In this respect, the present studies w ith in vivo labelling conform to the o b serv atio n o f C oxon et al. [9] who detected in the peel o f yam s (D . rotundata) two com pounds w ith anti-fungal activity, a 9,10-dihydrophenanthrene (hircinol) and a p h en a n th ren e , 
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bination of preform ed barriers and elicited b arriers, using the same tool b u t different controls. In keeping w ith the studies on the n atu ral co n stituents of the yam peel by C oxon et al. [9] it is necessary to address the question as to the stru ctu re o f the phenanthrene th at was stu d ied in this w ork and denoted by batatasin I. W e established the identity of this p henanthrene w hich should be batatasin I (6-hydroxy-2,4,7-trim ethoxyphenanthrene) or iso-batatasin I (7-hydroxy Coxon et al. [9] we cannot rule o u t th a t the labelled product in our studies m ight have been c o n ta m inated with the isom er. It is, how ever, in term s o f biosynthesis not essential to know w hich isom er o f a m onomethyl ether o f a dihydroxy co m pound has been analyzed. It is evident th a t p h en a n th ren es containing a hydroxyl function in p -p o sitio n to the 
